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Introduction
Solid state ll9Sn-CPM AS-NM R is a versatile tool for the study o f crystalline and am orphous or ganotin compounds, but a detailed interpretation is often limited to cases, where the spectra are sim ple or where detailed X-ray diffraction studies are available. If, however, such data are absent or where the spectrum is complicated, showing e.g. several different centre bands and/or splitting p at terns, it is often impossible to explain the observa tions either as a result of different crystalline phases being present, or by a single phase with dif ferent tin sites in the asymmetric unit.
In order to examine the influence o f small changes of bond lengths and angles within a given tin coordination polyhedron on the isotropic 119Sn chemical shifts of the tin atoms, we recorded the solid state 119Sn-CPM AS-N M R spectra of two compounds containing the "football-like" [(/-PrSn)120 ]4(0 H )6]2+ ion [1] , This cation consists of six octahedrally and six square-pyramidally coordinated tin atom s bridged by twelve /z3-oxygen atoms and six //2-hydroxy groups.
These investigations are supplemented by an IR study of this ion, which turns out to be a good ro u tine method for analysis. V erlag der Zeitschrift für N atu rfo rsch u n g , D-W -7400 Tübingen 0 9 3 2 -0 7 7 6 /9 3 /0 2 0 0 -0 1 9 5 /$ 01.00/0
Experimental
The 111.9 M Hz 119Sn-CPM AS-NM R spectra were obtained on a Bruker MSL 300 N M R spec trometer, equipped with both 4 mm and 7 mm double bearing probes. The instrumental set-up for ,19Sn-CPMAS has been described elsewhere [2] , All n9Sn chemical shifts are given with respect to external Me4Sn, using the 119Sn resonance of solid Cy4Sn (-97.35 ppm) as a secondary external refer ence.
For an unam biguous assignment of the respec tive centre bands, the spectra were re-run at several sufficiently different spinning speeds, including ex periments at MAS rates of 8 and 9 kHz on the 4 mm probe. At such spinning rates, the !H -> n9Sn cross polarization efficiency was found to decrease dramatically as com pared to the more convention al spinning rates of approximately 4 -5 kHz. This effect is due to the onset of partial decoupling of dipole-dipole interactions at such high spinning rates. It should be mentioned that at high spinning rates (>5 kHz) the H a rtm a n n -H a h n matching condition for the 'H -> 119Sn cross polarization is modulated by the MAS rate. Accordingly, the H a rtm a n n -H a h n match has to be optimized for each given MAS rate > 5 kHz.
In order to confirm the overall 1:1 relative in tensity of the two different spinning side band p at terns for 2 a, a ll9Sn single pulse experiment with a relaxation delay of 30 s and a 119Sn pulse width of 30 was performed. For the CP experiments a con tact time of 1 ms was used, the proton 90° pulse length was set to 5 //s, relaxation delays were 5 -10 s, and 1100 to 12000 transients were accu mulated.
IR spectra were obtained from K1 discs with a Perkin Elmer 457 instrument in the range 200-4000 c m '1.
D iscussion
The syntheses of the [(/-PrSn)120 14(0 H )6]2+ ion (1) and the isolation of its chloride salts 1 C12-3 H 20 (2a) and 1 C 1 2-2D M F (2b) have been described in a previous paper [1] . Single crys tal X-ray diffraction studies revealed that 2 a con tains two centrosymmetric, but crystallographically independent cations, located around (0,0,0) and ('A,'A,'A) o f the triclinic unit cell (space group: P i, Nr. 2 [3] ). The asymmetric unit, therefore, consists of 2x3 = 6 octahedrally (Snoct) and just as many square-pyramidally (Snspy) coordinated tin atoms. In contrast, 2 b belongs to the tetragonal crystal system (space group: P 42/nnm, Nr. 134 [3] ). In addition to the centre of symmetry at ('/2, A , 0 ) the [(/-PrSn)120 14(0 H )6]2+ ion now also possesses a m irror plane parallel to (x,x,z). Therefore, the asymmetric unit of 2 b consists of only 2 Snoct and 2 Snspy, o f which, in both cases, one is in a general position whereas the second occupies a special po sition, i.e. lies on the m irror plane. The different symmetry elements o f the cation 1 present in 2 a and 2b are shown in Fig. 1 . In the ll9Sn solid state spectra for 2 a, two differ ent patterns each consisting of six ll9Sn resonances (all of equal intensity) for the six crystallographically inequivalent Snoct and Snspy, and for 2 b two patterns o f two resonances (intensity ratio 1:2) have to be expected.
As an example, the 119Sn-CPMAS spectrum of 2a, recorded at a spinning rate o f 3.6 KHz is shown in Fig. 2 . We can distinguish two patterns of centre bands around -3 1 0 and -4 8 8 ppm, re spectively. The assignment of these two centre band regions seems fairly straightforward: the pat tern at higher field stems from Snoct, while the pat tern at lower field belongs to Snspy, {R S n04}. There is no data available for direct comparison, but some other isotropic ll9Sn chemical shifts for solid organotin-oxygen coordination spheres do support this assignment indirectly. A high shield ing for a hexacoordinate environment is represent ed for {S n 0 6} in solid S n 0 2 with <5119Sn = -603.3 ppm [4] , Fivefold, trigonal bypyramidal coordination of the type {R2S n 0 3}, like in solid [Me2SnO]", yields isotropic 119Sn shifts around -1 5 0 ppm [5] , and fivefold {R3S n 0 2} coordina tion like in solid M e3SnOH produces shifts of ca. -1 0 0 ppm [6] . The well-established ligand effects on (5,19Sn [7] , and the well-documented increase of the 119Sn shielding by 150-250 ppm associated with an increase of the coordination number by one unit [8] , strongly support this assignment.
The insets o f Fig. 2 show, however, that these centre bands have a fine structure, which consists of 5 (Snspy) and 6 (Snoct) more or less well resolved single resonances, respectively. W ith the exception of the one resonance missing for the sixth Snspyatom , this spectrum agrees very well with the re sults based on the crystallographic predictions. This resolution is somewhat surprising as the changes o f bond angles and bond lengths in each set of the differently coordinated tin atoms are very small [1] . However, the result shows the high sensitivity o f solid state 119Sn-NM R to such small variations.
Due to the complex structure of the centre bands (and of their associated spinning sidebands) no attem pt has been made to quantify the tensorial properties o f the 1,9Sn shielding for 2 a and 2 b. In spection of Fig. 2 , however, clearly shows thatas one might predict -the anisotropy for the hexa- The solid state 119Sn-NM R studies of the [0'-PrSn)12O 14(OH)6]2+ ion were complemented by infrared spectroscopic investigations. The spectra are shown in Fig. 3 . To help with the evaluation of the main bands of the tin-oxygen framework, the IR spectrum o f /-PrSnCl3 has also been included.
The hydroxyl groups of the cation form strong hydrogen bridges in the solid state, as indicated by the strong and broad v (O -H ) bands around 3220 (2 a) and 3240 (2 b) cm -1, respectively. X-ray dif fraction studies have shown that in both com- pounds all six hydroxyl groups are involved in such hydrogen bonds, either to oxygen (short bonds, 262-277 pm) or to chlorine (long bonds, 299-321 pm) atoms. In case of 2a, the v (O -H ) band is broader than in 2b and has two additional maxima at lower wavelengths. This results from the additional hydrogen bridges of the water mole cules which are present in the crystal structure of 2 a. By contrast, the band of the oxygento-hydrogen vibrational mode of an hydroxy group bridging two tin atom s normally is sharp but weak, and lies in the range 3574-3638 cm "1 when not participating in hydrogen bonds, as it is the case in the structures o f polymeric triorganotin hydroxides [9] . Its position does not change if the triorganotin hydroxide has a m onomeric crystal structure, as e.g. Mesityl3SnOH [10] . The v(S n-O ) modes 2 a,b form two more or less well resolved patterns of three peaks at 675, 610, 542 cm -1 and 438, 410, 332 cm " 1, respectively. As indicated in Fig. 3 , we tentatively assign these bands to the asymmetric and the symmetric tinoxygen vibrational modes, respectively. F or hexaorganodistannoxanes, (R 3Sn)20 , the bands of these vibrations are found in the range 8 5 6 -740 cm "1 [vasym(S n -0 )], strongly depending on the tin-oxygen-tin angle, and in the range 412-370 cm "1 [vsym(S n -0 )], respectively [9] . The peak at 332 cm 1 may represent a <S(Sn-OH) vibration, because its position is very similar to that of the same vibration observed in the IR spectra of poly meric triorganotin hydroxides [9] .
The v(Sn-O ) pattern of six bands is generally very usefull to detect [(RSn)120 14(0 H )6]2+ ions in mixtures of other organotin oxygen com pounds. Support of our work by the Deutsche F o r schungsgemeinschaft and the Fonds der Che mischen Industrie is gratefully acknowledged.
